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. Bj. Al2red G .  Boissevain 

The following notes describe b r i e f ly  the proposed shadowt;raph s j s  tern 

f o r  a n e w  h3pervelocity f r e e - f l i g h t  f a c i l i t y  now under con8 tr:iction a t  

I the Ames Research Center of the  NASA. The t e s t i n g  un i t  cons is t s  of a 

ohock- tube-driven wind t>Lnnel superimposed on a b a l l i s t i c  range. L i g h t  

gas g a s  w i l l  propel models a t  ve loc i t ies  of irp to 30,000 f t / s e c  agafnst  

the airstream which can have ve loc i t ies  of iip t o  20,000 f t / sec .  

w i l l  be two such test  units: 

There 
E. 

cme w i t h  an 80-foot-long t e s t  sect ion for  

aerodyndc stability tests and another with a 20-foot-long test  sec t ion  

f o r  rad ia t ion  studies. Sixteen orthogonal shadowgraph s t a t ions  will be 

used i n  the aerodj.namic t m e l  and four i n  the rad ia t ion  tiinnel t o  def ine 

the poa i t ion  and a t t i t d e  of the model @lonG its trajectory. 
/ 

The optical system t o  be used i s  a folded “Z“ focussed shadowgraph 

arrangement similar t o  t h e  un i t s  presently i n s t a l l e d  I n  the prototype 

facility. 

There are two sizes of windowe, 15-inch and 12-inch diameter, resulting 

Focal lengths of the spherical  mirrors are all 75 inches. 

-* L I ~  valLes of f/D of 5.0 and 6.25, respectively.  

D e  problem involved i n  photogaphinc a rad ia t ing  model t r ave l l i ng  

a t  very high  speeds are common t o  a l l  b a l l i s t i c  ranges. The radiat ion 

fram the  gae cap and products of ab la t ion  a r e  pa r t i cu la r ly  truublesome 

s ince  there  is  considerable overlap i n  the spectral die t r ibu t ion  of the 

- 
\ 

model rad ia t ion  and the usual spark gap light source used t o  photograph 

the  model, although t he  spark does have a grea te r  concentration of light 



i n  the blue end of the  spectrum. 

OUT ex is t ing  f a c i l i t y  i s  sketched i n  figure 1. A folded "Z" foclrssed 

shadowgraph 6;-stem i s  wed  w i t h  an aperture  a t  the f o c a l  p o i n t  of the 

The so lu t ion  t o  this problem used In 

col lec t ing  mirror. 

c o n j q a t e  foci of the co l lec t ing  mirror. Any rad ia t ion  from the model 

I s  attenuated by the  r a t i o  of the apertlw area t o  the cross-sect ional  

area at the aper ture  s t a t i o n  of the l i t -h t  from the  model co l lec ted  by 

t l e  mirror system. ,This approach has been generally sa t i s f ac to ry  f o r  

tne present  test  conditions which have, happily, inclcded l o w  ambient 

deusit ies In the free atream. 

however, and adjustment of the apertures m l l s t  be made before each run. 

There have been occasions when sh i r t i ng  of' the  system after adjustrient 

has prodiiced v igne t t lnc  or  a partial schlieren e f fec t ,  depending on t h e  

pos i t i on  of the aperture  r e l a t i v e  t o  the spark i q e .  Enlarging the  

aper ture  to compensate f o r  movernent of the system increaaes the fogging 

from m o d e l  radiat ion.  

The f i L n  and the tunnel cen ter l ine  are placed a t  

The physical system is  fairly s o f t ,  

An a l t e r n a t e  approach t o  reduce the e f f e c t  of model rad ia t ion  

using lasers as light sources was investigated.  Since the l i g h t  from 

a laser i s  hi(:hly monochromatic, a low bandpass o p t i c a l  filter placed 

ahead of the film would block o!it most of the rad ia t ing  l i g h t  from the 

model. The fmdamental f l a w  i n  this sjistem stems from the fact t h a t  

the  outputs from lasers i n  the short  expos?re times desired - on the 

order of 20-50 nanoseconds - rim no t  uniform over the surface of the 

lasing rod, although the Integrated output over severa l  microseconds 

does present a s m o t h  appearance. F i p r e  2(a) shows t h e  output of E 
\ 
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[Prion laser &a photographed with an Abtronics image converter w i t h  a 

20 nanosecond exposure time. 

through a col lec t in& lens and then collimated with a 5-inch-diameter 

lens. 

and focussed on the image converter with a t h i r d  lens. The background 

lilIJit is  qui te  unacceptable f o r  photographic use. 

only a portion of the total. 

Kerr-cel l - t r iggered laser, also photographed w i t h  the Abtroaics i,mge 

converter. In  t h i s  case the image converter was simply placed i n  the 

divergent f i e l d  downstream of the first co l lec t ing  lens.  The qi la l i ty  

of the  background has been much improved over the first case, but  is 

a t i l l  unacceptable. The rapid increase i n  laser technology w i l l  

undoubtedly produce a useable laser  i n  the  near future .  

The l i g h t  from the  laser was passed 

A piece of tape was placed i n  the f i e l d  t o  serve as a t a rge t  

The f i e l d  shown i s  

Figwe 2(b) shows the o t tpu t  of a HcgheE 

The solution t o  the rad ia t ion  problem being u t i l i z e d  i n  the  new 

f a c i l i t i e s  is t he  u ~ e  of a Kerr cell i n  place of the smll aperture  

used i n  the folded "Z," focussed shadowgraph system, Attenuation of 

the light t h r o q b  the c e l l  i s  a problem, but  w i t h  t he  use of c r y s t a l  

po lar izer8  i n  the  Kerr c e l l  the present spark units have s u f f i c i e n t  

light t o  expose Kodak Royal Ortho f i l m  8-b an exposure t i m e  of 30 =no- 

eecands and arl imge size of 7-1/2 Inches &5&uae?x3r. 

a t o t a l  capacitance of 0.12 microfarad charged t o  6oOo volts. 

The spark6 have 

Teote made on the  transmissivity of an Electro-Optical K e r r  c e l l  

with crystal polarizer6 showed a 40 percent transmission of the  light 

through the cell with the polesizers i n  the  open position. Sheet 

polar izer8 had a tranfmifwion of 1l percent. 
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Operating the Kerr c e l l  a t  a short  duration resul ted i n  a surpr i s ing  

It had been assumed decresse in the  elffective exposum of the tes t  f i b .  

that  only the light i n  the upper third of the  in t ens i ty  versm time curve 

of the spark output was e f fec t ive  i n  exposing the film. 

model blur reinforued this view. 

Measurements of 

Based on t h i s  assumption, the  e f f ec t ive  

duration of the sparks in use were between 100 and 200 nanoseconds. 

Ecposure t e s t s  using the K e r r  cell a6 a ahut ter ing device showed t h a t  the 

r a t i o  of f i l m  exgosure was 35:lbetween the unshuttered epark and one 

shut tered a t  20 nanoseconds. 

times was 10:l. 

ins tead  of the expected 40:l. These r a t i o s  indicate  an e f f ec t ive  dura- 

tion of the unshuttered spark of about 700 nanoseconds. Figure 3 shows 

the trace of light i n t e n s i t y  of the spark unit as a function of time as 

obtained with a photomultiplier tube. 

the  start of the light pulse the  in t ens i ty  i s  ahoetback t o  zero. 

r a t i o  of t o t a l  l i g h t  energy between t h e  unshuttered and shut tered spark, 

0x1 the  basls of the  curve shown In figure 3, I s  ahuut 25:l, which 

indicates t h a t  mst of the l i g h t  is  e f fec t ive  in expO6111g the f i lm,  

The expected r a t i o  on the  bas i s  O f  exposure 

Esrposures at 5 nanoseconds showed a r a t i o  of 140:l 

Rote that at 700 nanoseconds after 

The 

A side bene f i t  of the use of Kerr c e l l s  as a shut ter ing device is 

t h e  short exposure times possible. 

the durat ion of the bas ic  spark units below t h a t  shown i n  f igure  3. As 

&el speeds Increase, it will became even more important t o  reduce the 

exposure time i n  order t o  get well-resolved photographs of tbe model, 

espec ia l ly  for ehock-wave standoff distance meaeuremente. A0 improvements . 

It has not been possible to reduce 
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are made in the pe8.k intensity of the spark unit, it w i l l  be posaible t o  

shorten the exposure time from the present 30 ~ o s e c o n d s ,  which gives 

a nominal blur of 0.Ol . l  inoh at 30,000 ft/sec, t o  even shorter durations. 

An alternate tradte-off far greater spark intensity is an increaee In  

the magnif5catian of the image recorded oa the film. 

!€%e size of tbe lI@ source has no ef fec t  an the Quality of the 

m - p h  if the film pLane is focussed on the d e l  plane. 

at p r e m t  investigating the uet of a simple lens to gather more Ught 

We are 

co r rec t  avergent €ingle. Alth-h euch a system increaees the effective 

size of the source, ,pins of six times the use&le light are poeeible 

for the present canfiguration. 

!me priarecry purpose of the photographic s p t e m  28 t o  pPavlde 

. wormat ion  on the locatfnn and attitub of the model. In addition, 
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configuration shown i n  figure 1. Comparisons of o b s e m b l e  flow d e t a i l  

were made with a ehadowgraph system focmsed 13-1/2 inches from the  

tunnel c e n t e d i n e .  &&e f rou a 220 Wlft  were made i n t o  s t i l l  air  a t  

v a r i o - A s  values of ambient pressure using two consecutive s t a t ions  In 

the proto t jpe  tunnel for the shadowgraph and sch l ie ren  systems. The 

wake d e t a i l  produced by the  model was discernible  a t  a pressure of 

130 mm of mercury for both syetems. 

wave was j u s t  barely discern ib le ,  again for  both systems. Reasonable 

care  was taken t o  ad jus t  the  v e r t i c a l  knife edge in the sch l ie ren  system 

t o  the same s e n s i t i v i t y  f o r  each shot. 

sch l ie ren  system d i d  not provide b e t t e r  s e n s i t i v i t y .  

tions were t r i e d  M the  sch l ie ren  t o  improve the eens i t l v l ty ,  bu t  

without si:ccess, such 88 decreasing the d iaae te r  of the source and 

l o w e r  f o c a l  length mirrors. 

A t  10 mm of mercury the  bow shock 

It was surprising t h e t  the  

Some modifica- 

The reference system used t o  define the pos i t ion  and attitude of 

the model i s  a dt ipl icate  of the system used on the prototype f a c i l i t y .  

The p r o t o t n e  6:stem has the multiple v i r tues  of eade of a l i : .mnt ,  

accuracy, and se l f -ca l ibra t ion .  A sketch showing t h e  s a l i en t  f e a t > n e s  

of the system is ehown in figure 4. Noxninal alit;ninent and co l l i na t ion  

of the l i ch t  is obtained by simply adJusting, t h e  mirrors and the li@t 

source so tha t  both windars and the second mirror are miford.;. P i U e d  

w i t h  l i g h t  from the f irst  mirror. 

shown i n  t h e  example provide a measure of the  coll imation and a l i q m e n t  

of the light, a v e r t i c a l  reference f o r  angular meaourenrents, and a ref- 

erence f o r  the magnification of the imat:e. Figure 5 is a shadowgraph 

The set  of v e r t i c a l  plum’t, bob6 
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f rom a data run. In  t h i s  case, the  plane of focus was on the set of 

wires nearest  the f i l m ;  these are in focus w h i l e  the p a i r  on the 

opposite side of t h e  tunnel a r e  not. A shock wave is v i s i b l e  around 

t h e  model, but there are no wake details .  The model velocits was abotit 

Y/,ooO f t / s ec .  

The c r i t i c a l  factors i n  the alignntent of t h e  e:-sten are t h e  spacfn,; 

of' the pairs of w i r e s  on each side af the test section, t he  r e l a t i v e  

displacement along the  X axis of the two s e t s ,  and the re la t i -e  posi- 

t i o n  of t h e  s e t s  of wires a t  one s t a t i o n  with respect  t o  the wires a t  

t h e  next s t a t ion .  It i s  possible to show that measurements of t h e  

images of these vires, used i n  conJunetion with the known physical 

dimensions, can def ine the  pos i t ion  of a n o n m o v i q  object  t o  within 

0.003 inch. I It is r e c o p i z e d  t h a t  the  f i n i t e  time of exposure will 

cau6c blur i n  the image of the m o v i n g  model, bu t  i n  prac t ice  the 

m c e r t a i n t y  i s  far less than expected due t o  the a b i l i t y  t o  reed the 

film t o  the same relative position of  the blurred -e. 

Thc v e r t i c a l  s t a t i o n s  v i l l b e  referenced i n  basically the same 

.manner, with t he  exception that the reference Kina6 x l l l b e  long cate- 

nary  *ea comon t o  all the s t a t ions  rather than the  pl.cnnb wtres just 

descrkbed for t h e  s ide  stations. 

will be a catenary wire v i s i b l e  Ln a l l  the side stations, corrected at 

The reference f o r  "z" diqlacemente 

several atations by the end tubes of a multi-legged manometer v i s i b l e  

a t  the atations and photographed with the model and the rest of the 

reference syetem. 



, 

L 



0 2  
7 0  
0 0  
0 w w  

z s  a- 
m z 

0 0  
N- 
7 

I-3 
I 
(32 

b 

\ 

-. 
\ 

\ 

ia *\ 

J 
IT 
ITIT 

(r 
W 
v, 

J 

7 
0 
IT 
I- 

a 

- 



7 /' j 
I i i 
j 

i 
I 

- 
- A  

F z 



e 

e! 



' 1  
e 

0 

'I 

! 

'I f 


